Bronchoscopy was undertaken in 79 outpatients using local anaesthesia plus an i.v. injection of nunitrazepamO.01 mg kg-1 . The co-operation of the patients and the ease ofbronchoscopy were good regardless of the age of the patient. There was an increase in amnesia for the bronchoscopy with increasing age, but the most distinct difference between different age groups was that the amnesic action of flunitrazepam was evident earlier and persisted longer in patients of more than 60 yr. Eye co-ordination and ability to stand steadily and walk on a line returned to normal more slowly in patients more than 60 than in those less than 60 yr, but no differences in recovery were noted between patients less than 40 and those of 40-59 yr, or between those 60-69 and those more than 70 yr.
Local anaesthetic techniques are preferable to general anaesthesia in outpatient procedures such as bronchoscopy since such patients require less supervision in the period after operation (Korttila, 1978) . Bronchoscopy under local anaesthesia, often a disagreeable and frightening experience, can be made more acceptable to the patient if he is sedated lightly and does not remember the procedure afterwards (Korttila et al., 1978) .
Previous comparisons of diazepam and flunitrazepam when used to produce such sedation have shown that flunitrazepam has a better and more prolonged amnesic action than otherwise comparable doses of diazepam Linnoila, 1975,1976; Korttila et al., 1978) .
Although the degree and duration of the amnesic action of diazepam have been studied extensively (Dundee and Pandit, 1972; Gregg, Ryan and Levin, 1974; Flinn, Wineland and Peterson, 1975; Korttila et al., 1978) , no report has been concerned with the effect of age on the amnesic action of diazepam or other benzodiazepines.
We have studied the effect of age on the sedation produced by flunitrazepam during bronchoscopy Seventy-nine patients undergoing diagnostic bronchoscopy as outpatients were studied. There were four age groups, each receiving the same amount of flunitrazepam (table I) . Any patient who had taken psychotropic or other drugs known to interact with the benzodiazepines was excluded. Informed consent was obtained from each patient. Lignocaine (Lidocain, Orion, Helsinki) 170-200 mg was sprayed on the pharynx (2 ml of a 10% solution), larynx and trachea (5-6 ml of a 3% solution) before the injection of the drugs. Atropine (Atropin, Orion, Helsinki) 0.01 mg kg" 1 was injected i.v. 5 min before the sedative. Flunitrazepam (Rohypnol, Roche, Basel) 0.01 mg kg" 1 was given at a rate of 0.05 mg min-1 .
Clinical observations and subjective assessments
The systolic and diastolic arterial pressures were measured by auscultation, and the heart rate was counted at the wrist before, during and after the procedure (Korttila et al., 1978) .
The bronchoscopist (J. T.) rated both the efficiency of anaesthesia and the co-operation of the patient (ease of bronchoscopy) on a visual analog scale (100 mm long) between poor (0 mm) and good (100 mm). The patient rated the pleasantness of the procedure in the same manner.
Assessment of amnesia
Amnesia was assessed in a manner similar to that used by Dundee and Pandit (1972) . The subjects were shown a bank note, a picture of the President of Finland and a stamp as a recognition and memory test. The first object was shown just after the injection of flunitrazepam, the second after the bronchoscope was removed and the third 15 min after the injection of flunitrazepam. Two hour after the injection of flunitrazepam the patient was asked which objects he or she could remember. Recollection of the i.v. injection and of the insertion and removal of the bronchoscope was sought also.
Evaluation of recovery
The initial recovery of the patient was determined by Romberg's test and by his ability to walk on a straight line (Korttila, 1976a) . Assessments were made initially when the patient arrived in the operating theatre, and then 30,60 and 120 min after the injection of flunitrazepam.
Visualization test (James, 1969) . The subject had to trace each of 10 inter-mixed lines from their origin on the left side of the paper to their termination on the right without the aid of a tracing finger. The score was the number of correct tracings made in a 3-min period.
Aiming test (James, 1969) . A piece of paper (20 cm x 30 cm) with 15 rows of 20 open circles (diameter 2 mm). The subject had to place a dot inside each of as many circles as possible in 3 min. The dot must not touch the edge of the circle; the score was based on the number of correct responses.
Speed anticipation test (Takei & Company Ltd, Tokyo) . A small round patch of light with a diameter of 12 mm glided at a constant speed from right to left along a horizontal depression in a grey screen in the subject's line of vision, disappeared behind a black wall and stopped. The subject had to estimate the time the gliding light would have needed to pass through the black wall if it had continued at the same speed. He or she pressed a key at the instant the patch should have reappeared from behind the black wall. The correct anticipation time was 2.08 s. The apparatus and testing procedure have been described previously (Maruyama and Kitamura, 1961) .
This test was used before and 2 h after sedation. After instruction, two training trials were made, followed by 10 trials for measurements. The score was registered as mean±SD of 10 anticipation times; a coefficient of variation was calculated also.
Questionnaire
Each patient received a sealed envelope containing a questionnaire concerning the bronchoscopy and the patient's opinion of its acceptability (Korttila et al., 1978) . This was answered on the day after the procedure.
Drug concentrations in serum
Venous blood was sampled from a cubital vein 2 h after the injection of flunitrazepam. Sera were stored at -22 °C until the concentrations of serum flunitrazepam were assayed after extraction by electroncapture gas-liquid chromatography according to a modification of the method of de Silva and others (1976) .
Data analysis
Statistical analysis of the data was carried out using the non-parametric Chi-square test and Student's t test for independent means between the groups and for dependent means within the groups.
RESULTS
The principal differences between the different age groups were that, in addition to a more frequent amnesic action of flunitrazepam with increasing age, the amnesia attributable to flunitrazepam was evident significantly earlier and persisted significantly longer in older patients. Instead of a close age-recovery relationship, there was clearly a more prolonged recovery in patients of more than 60 yr than in younger patients.
Cardiovascular effects and the performance of bronchoscopy
In each age group both the systolic and diastolic arterial pressure remained almost unaltered during bronchoscopy and were decreased slightly (always less than 15 mm Hg systolic and 6 mm Hg diastolic) afterwards. Heart rate increased by an average of 10 beat min" 1 in each age group. The mean time ( + SD) to perform the bronchoscopy was similar in each age group: under 40 yr 40-59 yr 60-69 yr over 70 yr 3.6 + 2.4 min 3.8±1.6min 4.1+ 1.4 min 4.8 ±2.2 min
Subjective assessments
As regards the efficiency of the local anaesthesia and the co-operation of the patients, no statistically significant differences between the various age groups were noted. However, the older patients had a higher rating in these assessments for the ease of bronchoscopy (table II) . Patient acceptability of the procedure was similar in each age group (table II) . 
Amnesia
Patients of more than 60 yr had significantly more difficulty in recognizing the pictures shown to them than those less than 60 yr ( fig. 1) . Half of the patients over 60 yr recognized the picture shown after removal of the bronchoscope (5-6 min after the injection of flunitrazepam), the corresponding figures being 90 and 81% of the patients less than 40 and 40-59 yr.
When the patients were asked about the pictures shown 2 h after the sedation, there were no significant differences in the peak amnesic actions of flunitrazepam in the different age groups. More than 90% of the patients of more than 60 yr, 74 and 77% of the patients less than 40 and 40-59 yr respectively, did not remember the picture shown 5-6 min after flunitrazepam ( fig. 2) In older patients the amnesic action of flunitrazepam started significantly earlier and persisted longer than in the younger patients ( fig. 2 ). Its duration was especially long for the patients of more than 60 yr.
Amnesia for the insertion or removal of the bronchoscope increased with age ( fig. 3 ). Forty-two per cent of the patients less than 40 yr did not remember scope removal 2 h after completion of the procedure, compared with 73% for those of more than 70 yr.
Recovery
The patients' ability to stand steadily and walk on a line after sedation is shown in figures 4 and 5. These functions were similar for the two younger age groups (patients less than 60 yr) and similar in the two older age groups (patients more than 60 yr). One hour after the injection of flunitrazepam 0.01 mg kg" 1 60% of the patients aged 60-69 or more than 70 yr could not stand steadily, compared with only 5 and 12% of the patients less than 40 and 40-59 yr respectively. Two hour after sedation each patient less than 40 yr and all except one less than 60 yr could stand steadily and walk on a straight line, whereas 21% of those aged 60-69 yr or 33% of those more than 70 yr could not.
Visualization and aiming tests. Eye co-ordination improved after sedation in patients of less than 60 yr, but was impaired in patients more than 60 yr, as compared with the results before the injeaion of flunitrazepam (table III) . In the aiming test, the number of circles properly dotted did not change significantly after sedation in any age group. Because of poor vision most of the patients more than 70 yr could not perform the tests.
Speed anticipation test. The ability to estimate the speed of a moving light is considered worse if the speed is rated faster than is correct (Maruyama and Kitamura, 1961) . In this study the speed anticipation time in each age group was similar before and 2 h after sedation (table IV) . However, there was an age-related increase in the average coefficient of variation of 10 succeeding speed estimations, and this result indicates residual drug effects in the groups of older patients.
Questionnaire
In each age group the acceptability of both sedation and the procedure was confirmed (table V) . Despite an injection of atropine and local anaesthesia of the respiratory tract, no retrograde amnesia was associated with flunitrazepam administration. Fewer than 12% of patients would have preferred general anaesthesia. On the day after sedation only 20% of the patients of more than 40 yr remembered the bronchoscopy, the corresponding recall being 47% in patients less than 40 yr.
Drug concentrations in serum
Because of the great variation in concentrations there was no significant age-related residue of flunitrazepam 2 h after injection (table VI) . However, patients more than 70 yr had on average twice as much flunitrazepam in the serum 2 h after sedation than those less than 40 yr.
DISCUSSION
Expense, and a shortage of personnel, dictate that bronchoscopy is performed usually as an outpatient procedure in Finland. Therefore, topical anaesthesia with light sedation is considered preferable to general anaesthesia because of the slow recovery usually associated with the latter (Korttila, 1978) . Linnoila, 1975, 1976) and with patients Korttila et al., 1978) indicated that flunitrazepam had a better and more prolonged amnesic action than had comparable doses of diazepam. The dose of flunitrazepam used (0.01 mg kg" 1 ) was comparable clinically to a 0.125-mg kg" 1 dose of diazepam, with the exception of its better amnesic action Korttila et al., 1978) .
The early discharge of patients from hospital after outpatient procedures emphasizes the need for, and the importance of, testing for recovery after sedation. The tests used in this study, however, do not indicate "street-fitness" or psychomotor recovery (Korttila, 1976a (Korttila, , b, 1978 . Both Romberg's test and walking on a line are easy to perform, and they are indices of the co-ordination skills which are affected to the greatest degree and for the longest time after sedation with flunitrazepam (Korttila and Linnoila, 1976) .
The visualization test and the aiming test proved to be sensitive measures of mental function after cyclopropane anaesthesia (James, 1969) . It is true that subjects who are untrained show an improvement in performance when the tests are repeated. However, we used the tests to reveal differences between recovery in different age groups.
The speed anticipation test used has been suggested previously as an aptitude test for the discrimination of accident-proneness (Maruyama and Kitamura, 1961) . The test should discriminate between accidentprone drivers and non-accident-prone drivers with the efficiency ratio of 77.5%. We used the test to gain information of its usefulness in assessing recovery from anaesthesia in the clinical situation. It was found that, at least with respect to flunitrazepam sedation, the test was of little value in the assessment of recovery, since such a simple test as walking on a straight line was as good an index of prolonged recovery as was the speed anticipation time. The increase in the average coefficient of variation indicated agedependent residual effects of flunitrazepam, but the anticipation time itself was similar before and 2 h after sedation. This relative insensitivity of the speed anticipation test as a measure of the residual effects of flunitrazepam agrees with our previous results with healthy volunteers Linnoila, 1974,1976) and indicates that, with the exception of co-ordination skills, flunitrazepam does not have any major residual effects on other psychomotor skills.
Effect of age on the action of flunitrazepam
Amnesia. As mentioned previously, the effect of age on the amnesic action of diazepam has not been studied. Gregg, Ryan and Levin (1974) have reviewed thoroughly the supposed mechanisms for the amnesic effects of diazepam.
In our study, when amnesia for bronchoscopy was sought, there was a linear increase in the amnesic action of flunitrazepam with increasing age. However, when the amnesic action and its duration were investigated more thoroughly with memory cards, the amnesic action of flunitrazepam was evident earlier and persisted longer in older compared with younger patients, but there was no significant difference in the peak amnesic effect between the different age groups. Gregg, Ryan and Levin (1974) noticed that the main difference in the amnesic effects of higher doses of diazepam, in comparison with smaller doses, was in the duration of the effects rather than the depth of amnesia.
Recovery. It has been shown previously that after the i.v. injection of a 0.01-mg kg-1 dose of flunitrazepam the eye-hand co-ordination of healthy volunteers was impaired for as long as 6 h after the injection and for at least 10 h after 0.02 and 0.03 mg kg" 1 of flunitrazepam (Korttila and Linnoila, 1976 ). An increase in the sensitivity to the effect of nitrazepam in old age has been reported (Castleden et al., 1977) . After a single 10-mg oral dose of nitrazepam subjects more than 70 yr felt less awake and made more mistakes in a psychomotor test administered 12 and 36 h after medication than did those less than 40 yr.
In the present study the state of recovery 2 h after the injection of flunitrazepam was similar in patients whose ages ranged from less than 40 yr to more than 70 yr. However, there was a distinct difference in the ability to stand and walk and in eye co-ordination after sedation in those less than 60 yr when compared with those more than 60 yr. The finding in this study that the patients' ability to walk on a straight line was the best index of delayed recovery agrees with the prolonged vertigo and unsteady gait observed by us in young healthy volunteers after injections of flunitrazepam (Korttila and Linnoila, 1976) . Although it is possible to discharge a patient from hospital, accompanied, 2-3 h after light flunitrazepam sedation, patients should not drive or operate machinery for at least 24 h after sedation.
Drug concentrations in blood
Residual amounts of drugs in the blood may be related to the duration of the effects of the drugs (Ghoneim and Korttila, 1977) .
In respect of benzodiazepines, there seem to be great differences in the influence of age on their pharmacokinetics. Klotz and others (1975) have demonstrated a four-to five-fold increase in the halflife of diazepam as a function of age, whereas the plasma concentrations and half-life of nitrazepam were similar in young and elderly patients (Castleden et al., 1977) .
In a previous study (Korttila and Linnoila, 1976 ) of flunitrazepam 0.01 mg kg" 1 i.v. in young subjects, the mean serum concentration of flunitrazepam 2 h after administration (5.5 + SEM 0.7 ng ml-1 ) was less than that of elderly patients in the present study, but in respect of patients of more than 40 yr no agerelated residue of flunitrazepam was noted.
Dosage recommendations
Based on these and our previous results (Korttila and Linnoila, 1976; Korttila et al., 1978) 
SUMARIO
Se sometieron 79 pacientes de consultorio a broncoscopia, aplicando anestesia local mas una inyeccion intravenosa de flunitrazepam 0,01 mg kg-1 . La cooperaci6n de los pacientes y la facilidad de la broncoscopia fueron buenas, cualquiera fuera la edad del paciente. Aumento la amnesia por broncoscopia cuanto mas avanzada fuera la edad, pero la diferencia mas notable entre los diversos grupos de edades fue que la action amnesica de flunitrazepam se evidenciaba antes y perduraba mas en aquellos pacientes cuya edad superaba los 60 anos. La coordination de los ojos y la habilidad de pararse con estabilidad y caminar en linea recta volvieron a la normalidad mas lentamente en los pacientes con mas de 60 anos que en aquellos con menos de 60 anos, pero no se produjeron diferencias en la recuperation de los pacientes con menos de 40 anos y aquellos de 49-50 anos, o entre aquellos de 60-69 y aquellos que superaban los 70 anos de edad.
